Abstract: A novel, efficient and general route for the synthesis of hydroxylated 2,3-diarylxanthones is described. 3-Bromo-2-styrylchromone, the key intermediate of this synthesis, is obtained by a Baker-Venkataraman rearrangement of the appropriate 2¢-cinnamoyloxyacetophenone, followed by a one-pot reaction with phenyltrimethylammonium tribromide. The Heck reaction of these bromochromones with substituted styrenes gives methoxylated 2,3-diarylxanthones. The cleavage of the methyl groups with BBr 3 gives the desired hydroxylated 2,3-diarylxanthones.
Xanthones are a class of oxygenated heterocyclic compounds widely occurring as secondary metabolites in some higher plant families, fungi and lichens. 1 These natural derivatives can exhibit numerous substitutions at different positions of their skeleton: methoxy, hydroxyl and glycosyl groups being the most frequently occurring ones.
2
The pharmacological properties of both natural and synthetic xanthone derivatives have been extensively reported in the literature; 3 One of the most promising properties of xanthones is related to their application as antioxidant agents. 9 The aromatic character and the presence of hydroxyl groups and/ or cathecol moieties at certain positions of the xanthone core are requirements for a strong antioxidant activity. 10 It is worth mentioning that there are already two formulations in the market containing oxygenated and prenylated xanthones, as antioxidants.
11
Taking into consideration the referred structural characteristics for a high antioxidant activity, we developed a novel route for the synthesis of hydroxylated 2,3-diarylxanthones. The classical methods widely described for the synthesis of xanthones (e.g. Friedel-Crafts acylation, Fries rearrangement or Ullmann condensation) 12 do not allow the synthesis of our target compounds. Moreover, our previous work on the synthesis of xanthones, using the 3-bromo-2-methylchromone 13 as key intermediate was not effective in the synthesis of 2-aryl-3-(3,4-dihydroxyphenyl)xanthone derivatives, since the condensation of 3-bromo-2-methylchromone with 3,4-dioxygenatedbenzaldehydes does not occur. To circumvent these difficulties we have developed a general method for the synthesis of hydroxylated 2,3-diarylxanthones, starting from 2¢-hydroxyacetophenone (1) and cinnamic acid derivatives 2a-c (Schemes 1-3), for further evaluation of the antioxidant activity.
The first part of the new synthetic route considers the preparation of 3-bromo-2-styrylchromones 5a-c by a three-step sequence depicted in Scheme 1. It started by the cinnamoylation of 2¢-hydroxyacetophenone (1) with commercially available cinnamoyl chloride (2a) or with the in situ prepared acid chlorides from cinnamic acids 2b,c and phosphoryl chloride, affording the corresponding 2¢-cinnamoyloxyacetophenones 3a-c. The second step consisted of the cinnamoyl group transposition from the 2¢-position to the 2-position of the acetophenone moiety, which is known as the Baker-Venkataraman rearrangement.
14 It was performed by treatment of 3a-c with potassium hydroxide in DMSO to afford 5-aryl-3-hydroxy-1-(2-hydroxyphenyl)-2,4-pentadiene-1-ones 4a-c, in good yields (73-95%). The last step consisted of a novel onepot synthesis, involving bromination and cyclization reactions, giving rise to the desired 3-bromo-2-styrylchromones 5a-c (53-67%).
15,16
The a-ketone bromination was selectively carried out with phenyltrimethylammonium tribromide (PTT), 17 while the cyclodehydration of the obtained brominated compounds occurred probably due the acidic conditions originating during the bromination reaction.
The Heck cross-coupling reaction is one of the most powerful and efficient methods for carbon-carbon bond formation and consists of a palladium-catalyzed reaction involving olefins and vinyl or aryl halides. 18 In the present study, 3-bromo-2-styrylchromones 5a-c were used as vinyl halides and styrenes 6a-c as olefins (Scheme 2). 19 Optimization studies were performed to determine the influence of bases, phosphines, palladium catalysts, temperature and reaction time on the coupling reaction. The best results were obtained with one equivalent of triethylamine as base, 0.1 equivalent of triphenylphosphine and 5 mol% of tetrakis(triphenylphosphine)palladium (0) Table 1 ). The formation mechanism of xanthones 7a-i and 8a-i is similar to those presented in our previous work. 13 Demethylation of 2,3-diarylxanthones 7b-i was achieved by their treatment with boron tribromide 22 in anhydrous dichloromethane (Scheme 3). 23 The hydroxylated 2,3-diarylxanthones 9b-i 24 were obtained in good yields (70-94%). and mesomeric deshielding effect of the carbonyl group. The assignment of proton H-1 was also confirmed by the connectivity found in the HMBC spectrum between the singlet at higher frequency value and the carbonyl carbon. In the 1 H NMR spectra of 2,3-diarylxanthones 7b-i one can observe the singlets corresponding to the resonances of the methoxy protons (d = 3.52-3.90 ppm) whereas in the 2,3-diarylxanthones 9b-i these signals are absent and the singlets corresponding to the hydroxyl protons appear at higher frequency values (d = 8.94-9.67 ppm). HMBC and NOESY spectra were used for the structure assignment of 2,3-diaryl-3,4-dihydroxanthones 8a-i, similarly to the procedure described in our previous work. 13 In summary, a novel, efficient and general route for the synthesis of 2,3-diarylxanthones 7a-i was developed. 3-Bromo-2-styrylchromones 5a-c, the key intermediates in this synthetic process, were obtained by a novel one potreaction of 5-aryl-3-hydroxy-1-(2-hydroxyphenyl)-2,4-pentadien-1-ones 4a-c with PTT. The Heck reaction of 3-bromo-2-styrylchromones 5a-c with styrenes 6a-c led to the formation of methoxylated 2,3-diarylxanthones 7a-i and 2,3-diaryl-3,4-dihydroxanthones 8a-i in a one-pot reaction. The final step consists of the cleavage of the methyl groups of 7b-i to afford the desired hydroxylated and polyhydroxylated 2,3-diarylxanthones 9b-i. (15) Typical Experimental Procedure:
Phenyltrimethylammonium tribromide (PTT; 2.1 g, 5.5 mmol) was added to a THF (60 mL) solution of the appropriate 5-aryl-3-hydroxy-1-(2-hydroxyphenyl)-2,4-pentadien-1-ones 4a-c (5 mmol). The reaction mixture was stirred and allowed to stand at r.t. for 12 h. After that period, the solution was poured into ice (50 g) and H 2 O (80 mL), stirred for 20 min and the yellow solid was removed by filtration. The residue was taken in CHCl 3 (50 mL) and washed with H 2 O (3 × 50 mL). The organic layer was collected, the solvent was evaporated to dryness and the residue was purified by silica gel column chromatography using CH 2 Cl 2 as eluent. The solvent was evaporated and the residue was recrystallized from EtOH to give the 3-bromo-2-styrylchromones 5a-c in good yields (5a: 67%; 5b: 53%; 5c: 64%). 
